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molecules are disclosea. t-rej. invention can be modified 

are B7-2 and B7-3. The tumor ""^^^Z and/or B7-3, by using 

by transfection with ---l-^^/^^J^^f ^"^^^^^^on of B7-2 and/or B7-3 on the 

an agent which induces or ^I^^^J^^^f P^!rto the tumor cell. 

tumor cell or by coupling B7-2 ^^^^^ °^ I'/ 3^.3 be further 

Tumor cells modified to --P^^^lJlZ^^J'jtLll modifJeS to express MHC 

modified to express B7 . Tumor ^^^^^^^^f ^J^^^ g^p^ession of an MHC 

of tumor cells in vivo are disclosed. 



BSUM(9) 



Accordingly, the .nvent.on P""^- ^ ™f„°f ^u^jicf bfusror"'""'"' 
T lymphocyte-mediated antl-tm.or 'i^^tv In one aspect of 

?hf ^^e^n^^nr rtl^riHi-rmSSi™ rone o. „o.e . cei. 

B7-3. Prior to modification, the tumor cell ^ ^ and/or B7-3 

express B7-2 and/or B7-3, may t^^^^?!^^^ . °J ^^^un^I of B7-2 and/or 
but fail to do so, or may ^^P^^f ^^^^f ^^^^"^elT can be modified by 
B7-3 to activate T cells. Therefore, a tumor ^^^^^^ inducing the 

P— ding B7-2 and/or B7-3 to^ 

expression of ^7 2 and/ or B/ ^^^^ 

suitable for expression of molecule(s^ on t ^^.^^ 

Alternatively, the tumor =-11 =°^^acted with a g ^^^^ surface, 

induces or increases expression of B7 2 and/or^^^^,^ chemically 
In yet another embodiment, the tumor ^^11 ^ tumor cell 

coupling B7-2 -d/or B7-3 to the tumor cell -rf ace - ^A^tum^^ ^^^^^^^ 
modified to express B7-2 and/or B/ J 
the T cell costimulatory molecule B/. 



SUMMARY : 



ignal . 



on the tumor cell surface. Accoraingiy, _^ ^ . 




T '"cl^L"? iV. Tol Sir I?? L"ry e"pSs insufficient amounts of 
(e.g., class I "°5.te T celli Thus, in one embodiment, a 

the .u.or -^^^.f-^^^'^ili^^f^racl or by ^n^rea^Lg the level of 

surface. Tumor cells expressing B7-2 and/or f ^^^^/^^^^ encoding 
modifxed, for example, by ^"--f-^^^^;; . ^^^J/f^^expression of the^ 



DETD (8 ) 



, * = *.„™«r. rell to trigger a costimulatory signal 

iT,l'ill II du^T^'a"a=."f e.^ ession o. . ....^^.^^r, 

1 „i« failure to express a costimulatory molecule even 

rno:^s':;e':»:rceii i? =.pabie o£ -p""^"^^ trt^^"- 

insufficient expression of a costimulatory molecul. °".tne 
\-irATsnJ.c, or e^buf norS^I ana/o. 

B-irSuracco^Sig ^^Ine'Xp^t of tne invention, a tu^r ceil 

suitable for expression of B7 2 ana/ol D, contact with an 

surface. Alternatively, the tvmor 'J ~^jb7-2 and/or B7-3 on the 

„ent - ',:iT.l".Tl2T~ Vl-l and/or B7-3 is 

rp^ed'to thf furface It the tumor cell to produce a modified 
tumor cell. 



A^'Sriiifection of a Tumor Cell with a Hucle.c Ac.d Encoding ■ 
Costimulatory Molecule 



DETD (15) * 

CDNA encoding f^'^^^^ °^.^'3i^,/^:;iy a small fraction of cells (about 3 
t o^'io'sip 5 typic!Ily integrate Lansfected plasmid DNA xnto 

on a°se-r.K- " 



t e ,eh°e"srof "rt^reSt 7r -/-/f --^-.f^'i^f 
.ollLin, selection Of „„sf.=t.a tumor ce^ 



al. J. Immunol. 128, 823-827 (1982). 



DETDESC: 
DETD(19) 

Another agent which can be used to induce or increase expression of B7-2 
and/or B7-3 on a tvimor cell surface is a nucleic acid encoding a 
transcription factor which upregulates transcription of the gene encoding 
the costimulatory molecule. This nucleic acid can be 
transfected into the tumor cell to cause increased transcription 
of the costimulatory molecule gene, resulting in increased 
cell-surface levels of the costimulatory molecule. 

DETDESC: 

DETD (24 ) 

Before modification, a tumor cell may not express any 
costimulatory molecules, or may express certain costimulatory 
molecules but not others. As described herein, tiimor cells can be 
modified by transfecting the tiimor cell with nucleic acid 
encoding a costimulatory molecule (s), by inducing the expression 
of a costimulatory molecule (s) or by coupling a costimulatory 
molecule (s) to the tumor cell. For example, a tumor cell 
transfected with nucleic acid encoding B7-2 can be further 
transfected with nucleic acid encoding B7 . The cDNA sequence and 
deduced amino acid sequence of human and mouse B7 is shown. . . and 
SEQ ID NO: 7 and 8, respectively. Alternatively, more than one type of 
modification can be used. For example, a tumor cell transfected 
with a nucleic acid encoding B7-2 can be stimulated with an agent which 
induces expression of B7 . 

DETDESC: 

DETD (26) 

Another aspect of this invention features modified t\imor cells which 
express a costimulatory molecule and which express one or more 
MHC molecules on their surface to trigger both a costimulatory 
signal and a primary, antigen-specific, signal in T cells. Before 
modification, tvimor cells may be unable to express MHC molecules, 
may fail to express MHC molecules although they are capable of 
expressing such molecules, or may express insufficient amounts of MHC 
molecules on the tumor cell surface to cause T cell activation. 
Ttomor cells can be modified to express either MHC class I or MHC 
class II molecules, or both. One approach to modifying tumor 
cells to express MHC molecules is to transfect the tumor cell 
with one or more nucleic acids encoding one or more MHC molecules. 
Alternatively, an agent which induces or increases expression of one or 
more MHC molecules on tiomor cells can be used to modify tumor 
cells. Inducing or increasing expression of MHC class II molecules on 
a tumor cell can be particularly beneficial for activating CD4 . sup . + 
T cells against the tiimor since the ability of MHC class II. sup. + 
tiomor cells to directly present tumor peptides to CD4.sup.+ T 
cells bypasses the need for professional MHC class II. sup. + APCs . This 
can improve tumor immunogenicity because soluble tvimor antigen 

(in the form of tumor cell debris or secreted protein) may not be 
available for uptake by professional MHC class II. sup. + APCs. 

DETDESC: 

DETD (31) 

Fragments, mutants or variants of MHC class II molecules that retain 



the ability to bind peptide antigens and activate T cell responses, as 
evidenced by proliferation and/or lymphokine production by T cells, are 
considered within the scope of the invention. A preferred variant is an 
MHC class II molecule in which the cytoplasmic domain of either one 
or both of the .alpha, and .beta, chains is truncated. It is known that 
truncation of the cytoplasmic domains allows peptide binding by and cell 
surface expression of MHC class II molecules but prevents the 
induction of endogenous B7 expression, which is triggered by an 
intracellular signal generated by the cytoplasmic domains of the MHC 
class II protein chains upon crosslinking of cell surface MHC class II 
molecules. Kuolova . L., et al . , J. Exp. Med. 173, 759-762 (1991); 
Nabavi, N., et al. Nature 360, 266-268 (1992). Expression of B7-2 and 
B7-3 is also induced by crosslinking surface MHC class II molecules, 
and thus truncation of MHC class II molecules may also prevent 
induction of B7-2 and/or B7-3. In tumor cells transfected. to 
constitutively express B7-2 and/or B7-3, it may be desirable to inhibit 
the expression of endogenous costimulatory molecules, for 
instance to restrain potential downregulatory feedback mechanisms. 
Transfection of a tiomor cell with a nucleic acid(s) encoding a 
cytoplasmic domain-truncated form of MHC class II .alpha, and .beta, 
chain proteins would. 

DETDESC: 

DETD (56) 

The modified tumor cells of the present invention can be used to 
increase tumor immunogenicity, and therefore can be used 
therapeutically for inducing or enhancing T lymphocyte-mediated 
anti-tvimor immunity in a subject with a tumor or at risk of 
developing a tiomor. A method for treating a subject with a tumor 
involves obtaining tiomor cells from the subject, modifying the 
tumor cells ex vivo to express a T cell costimulatory 
molecule, for example by transfecting them with an appropriate 
nucleic acid, and administering a therapeutically effective dose of the 
modified tiomor cells to the subject. Appropriate nucleic acids to be 
introduced into a tumor cell include nucleic acids encoding B7-2 
and/or B7-3, alone or together with nucleic acids encoding B7, MHC 
molecules (class I or class II) or li antisense sequences as 
described herein. Alternatively, after tvimor cells are obtained from 
a subject, they can be modified ex vivo using an agent which induces or 
increases expression of B7-2 and/or B7-3 (and possibly also using 
agent (s) which induce or increase B7 or MHC molecules) - 

US PAT NO: 5,858,776 [IMAGE AVAILABLE] L3 : 2 of 10 

ABSTRACT : 

Tumor cells modified to express a T cell costimulatory 
molecule are disclosed. In one embodiment, the costimulatory 
molecule is a CD28/CTLA4 ligand, preferably a B lymphocyte antigen 
B7 . The tumor cells of the invention can be modified by 
transfection with nucleic acid encoding a T cell costimulatory 
molecule, by using an agent which induces or increases expression of 
a T cell costimulatory molecule on the tumor cell surface or 
by coupling a T cell costimulatory molecule to the tumor cell 
surface. Tumor cells further modified to express MHC class I and/or 
class II molecules or in which expression of an MHC associated 
protein, the invariant chain, is inhibited are also disclosed. The 
modified tumor cells of the invention can be used in methods for 
treating a patient with a tumor, preventing or inhibiting metastatic 
spread of a tumor or preventing or inhibiting recurrence of a 
tumor. A method for specifically inducing a CD4.sup.+ T cell 
response against a tumor and a method for treating a tumor by 
modification of tumor cells in vivo are disclosed. 



SUMMARY : 



BSUMO) 

Accordingly, the invention pertains to methods of inducing or enhancing 
T lymphocyte-mediated anti- tumor immunity in a subject by use of a 
modified tumor cell having increased immunogenicity . In one aspect of 
the invention, a tumor cell is modified to express a T cell 
costimulatory molecule on its surface. Prior to modification, the 
tumor cell may lack the ability to express a T cell costimulatorY 
molecule, may be capable of expressing a T cell costimulatory 
molecule but fail to do so, or may express insufficient amounts of a 
T cell costimulatory molecule to activate T cells. Therefore, a 
tumor cell can be modified by providing a costimulatory 
molecule to the tvimor cell surface, by inducing the expression of 
a costimulatory molecule on the tumor cell surface or by 
increasing the level of expression of a costimulatory molecule on 
the tumor cell surface. In one embodiment, the tumor cell is 
modified by transfecting the cell with a nucleic acid encoding a T 
cell costimulatory molecule in a form suitable for expression of 
the molecule on the cell surface. Alternatively, the tumor cell 
is contacted with an agent which induces or increases expression of a T 
cell costimulatory molecule on the cell surface. In yet another 
embodiment, the tumor cell is modified by chemically coupling a T 
cell costimulatory molecule to the tiamor cell surface. 

SUMMARY: 

BSUM(ll) 

Even when provided with the ability to trigger a costimulatory 
signal in T cells, modified tumor cells may still be incapable of 
inducing anti-tiimor T cell-mediated immune responses due to a failure 
to sufficiently trigger an antigen-specific primary activation signal. 
This can result from insufficient expression of MHC class I or class II 
molecules on the tumor cell surface. Accordingly, this invention 
encompasses modified tiimor cells which provide both a T cell 
costimulatory signal and an antigen-specific primary activation 
signal, via an antigen-MHC complex, to T cells. Prior to modification, a 
tumor cell may lack the ability to express one or more MHC 
molecules, may be capable of expressing one or more MHC molecules 
but fail to do so, may express only certain types of MHC molecules 
(e.g., class I but not class II), or may express insufficient amounts of 
MHC molecules to activate T cells. Thus, in one embodiment, a 
tumor cell is modified by providing one or more MHC molecules to 
the tiamor cell surface, by inducing the expression of one or more MHC 
molecules on the tijmor cell surface or by increasing the level of 
expression of one or more MHC molecules on the tumor cell 
surface. T\amor cells expressing a T cell costimulatory 
molecule are further modified, for example, by transfection with 
a nucleic acid encoding one or more MHC molecules in a form suitable 
for expression of the MHC molecule (s) on the tumor cell surface. 
Alternatively, such tumor cells are modified by contact with an agent 
which induces or increases expression of one or more MHC molecules on 
the cell . 

DETDESC: 

DETD (5) 

The inability of a tumor cell to trigger a costimulatory signal 
in T cells may be due to a lack of expression of a costimulatory 
molecule, failure to express a costimulatory molecule even 
though the tumor cell is capable of expressing such a molecule, 
or insufficient expression of a costimulatory molecule on the 



tvimor cell surface. Thus, according to one aspect of the invention, a 
tumor cell is modified to express a costimulatory molecule by 
transfection of the tumor cell with a nucleic acid encoding a 
costimulatory molecule in a form suitable for expression of the 
costimulatory molecule on the tumor cell surface. 

Alternatively, the tumor cell is modified by contact with an agent 
which induces or increases expression of a costimulatory molecule 
on the tumor cell surface. In yet another embodiment, a 
costimulatory molecule is coupled to the surface of the tiomor 
cell to produce a modified tumor cell. The term "costimulatory 
molecule" is defined herein as a molecule which interacts with a 
T cell which has received a primary activation signal to result in T cell 
proliferation and/or cytokine production. Preferred costimulatory 
molecules include antigens on the surface of B lymphocytes, 
professional antigen presenting cells (e.g., monocytes, dendritic cells, 
Langerhans cells) and other. . . CD28, CTLA4, both CD28 and CTIiA4, or 
other known or as yet undefined receptors on immune cells. A particularly 
preferred costimulatory molecule which binds CD28 and/or CTLA4 is 
the B lymphocyte antigen B7 . 

DETDESC: 

DETD(8) 

A. Transfection of a Tumor Cell with a Nucleic Acid Encoding a 
Costimulatory Molecule 

DETDESC: 

DETD (9) 

Tumor cells can be modified ex vivo to express a T cell 
costimulatory molecule by transfection of isolated tvimor 
cells with a nucleic acid encoding a costimulatory molecule in a 
form suitable for expression of the molecule on the surface of the 
t\imor cell. The terms "transfection" or "transfected with" 
refers to the introduction of exogenous nucleic acid into a mammalian 
cell and encompass a variety of techniques useful. . . acids into 
mammalian cells including electroporation, calcium-phosphate 
precipitation, DEAE-dextran treatment, lipofection, microinjection and 
infection with viral vectors. Suitable methods for transfecting 
mammalian cells can be found in Sambrook et al. (Molecular Cloning: A 
Laboratory Manual, 2nd Edition, Cold Spring Harbor Laboratory. . . and 
other laboratory textbooks. The nucleic acid to be introduced can be, for 
example, DNA encompassing the gene encoding the costimulatory 
molecule, sense strand RNA encoding the costimulatory 
molecule or a recombinant expression vector containing a cDNA 
encoding the costimulatory molecule. Preferred cDNAs to use are 
those for human and mouse B7 (Freeman, G. J., et al . , J Exp. Med 174,. 



DETDESC: 
DETD (12) 

Alternatively, a costimulatory molecule can be expressed on a 
tumor cell using a plasmid expression vector which contains nucleic 
acid, e.g. a cDNA, encoding the costimulatory molecule. Suitable 
plasmid expression vectors include CDM8 (Seed, B., Nature 329, 840(1987)) 
and pMT2PC (Kaufman, et al., EMBO J 6, 187-195 (1987)). Since only a 
small fraction of cells (about 1 out of 10. sup. 5) typically integrate 
transfected plasmid DNA into their genomes, it is advantageous to 
transfect a nucleic acid encoding a selectable marker into the 
tvimor cell along with the nucleic acid(s) of interest. Preferred 
selectable markers include those which confer resistance to drugs such 
as. . . on the same plasmid as the gene(s) of interest or may be 



introduced on a separate plasmid. Following selection of transfected 
tumor cells using the appropriate selectable marker(s), expression of 
the costimulatory molecule on the surface of the tumor cell 
can be confirmed by irmnunof luorescent staining of the cells For example, 
cells may be stained with a f luorescently labeled monoclonal antibody 
reactive against the costimulatory molecule or with a 

fluorescently labeled soluble receptor which binds the costimulatory 
molecule. Expression of the B7 costimulatory molecule can be 

determined using a monoclonal antibody, 133, which recognizes B7 . 
Freedman, A. S., et al. J Immunol. 139, 3260-3267. . • 



When transfection of tumor cells leads to modification of a 
large proportion of the tumor cells and efficient expression of a 
costimulatory molecule on the surface of tumor cells, e.g. 
when using a viral expression vector, tumor cells may be used without 
further isolation or subcloning. Alternatively, a homogenous populatio; 
of transfected tumor cells can be prepared by isolating a single 
transfected tumor cell by limiting dilution cloning followed by 
expansion of the single tumor cell into a clonal population of cells 
by standard techniques. 



Another agent which can be used to induce or increase expression ot a 
costimulatory molecule on a tumor cell surface is a nucleic 
acid encoding a transcription factor which upregulates transcription of 
the gene encoding the costimulatory molecule. This nucleic acid 
can be transfected into the tumor cell to cause increased 
transcription of the costimulatory molecule gene, resulting m 
increased cell-surface levels of the costimulatory molecule. 

DETDESC: 
DETD (20) 

Another aspect of this invention features modified tumor cells which 
express a costimulatory molecule and which express one or more 
MHC molecules on their surface to trigger both a costimulatory 
signal and a primary, antigen-specific, signal in T cells Before 
modification, tumor cells may be unable to express MHC molecules, 
may fail to express MHC molecules although they are capable of 
expressing such molecules, or may express insufficient amounts of MHC 
molecules on the tumor cell surface to cause T cell activation^ 
Tumor cells can be modified to express either MHC class I or MHC 
class II molecules, or both. One approach to modifying tumor 
cells to express MHC molecules is to transfect the tumor cell 
with one or more nucleic acids encoding one or more MHC molecules. 
Alternatively, an agent which induces or increases expression of one or 
more MHC molecules on tumor cells can be used to modify tumor 
cells inducing or increasing expression of MHC class II molecules on 
a tumor cell can be particularly beneficial for activating CD4.sup.+ 
T cells against the tumor since the ability of MHC class II. sup. + 
tumor cells to directly present tvimor peptides to CD4.sup.+ T 
T^ls bypasses the need for professional MHC class II. sup. + APCs . This 
can improve tumor immunogenicity because soluble tumor antigen 

(in the form of tumor cell debris or secreted protein) may not be 
available for uptake by professional MHC class II. sup. + APCs. 



DETDESC: 



DETD(24) 



Fragments, mutants or variants of MHC class II molecules that retain 
the ability to bind peptide antigens and activate T cell responses, as 
evidenced by proliferation and/or lymphokine production by T cells, are 
considered within the scope of the invention. A preferred variant is an 
MHC class II molecule in which the cytoplasmic domain of either one 
or both of the .alpha, and .beta, chains is truncated. Truncation of the 
cytoplasmic domains allows peptide binding by and cell surface expression 
of MHC class II molecules but prevents the induction of endogenous B7 
expression, which is triggered by an intracellular signal generated by 
the cytoplasmic domains of the MHC class II protein chains upon 
crosslinking of cell surface MHC class II molecules. Kuolova. L., et 
al.,. J. Exp. Med. 173, 759-762 (1991); Nabavi, N., et al . Nature 360, 
266-268 (1992). In tumor cells transfected to constitutively 
express B7 or other costimulatory molecule, it may be desirable 
to inhibit the expression of endogenous B7, for instance to restrain 
potential downregulatory feedback mechanisms. Transfection of a 
tumor cell with a nucleic acid(s) encoding a cytoplasmic 

domain-truncated form of MHC class II .alpha, and .beta, chain proteins 
would. 



DETDESC : 



DETD (35) 



The tvrnior cells to be modified as described herein include tumor 
cells which can be transfected or treated by one or more of the 
approaches encompassed by the present invention to express a 
costimulatory molecule. If necessary, the tumor cell can be 
further modified to express MHC molecules or an inhibitor of li 
expression. A tumor from which txunor cells are obtained can be 
one that has arisen spontaneously, e.g in a human subject, or may be 
experimentally derived or induced, e.g. in an animal subject. The 
tumor cells can be obtained, for example, from a solid tumor of 
an organ, such as a tumor of the lung, liver, breast, colon, bone 
etc. Malignancies of solid oJrgans include carcinomas, sarcomas, melanomas 
and neuroblastomas. The txamor cells can also be obtained from a 
blood-borne (ie. dispersed) malignancy such as a lymphoma, a myeloma or a 
leukemia . 



DETDESC: 



DETD (36) 



The tumor cells to be modified include those that express MHC 
molecules on their cell surface prior to transfection and those 
that express no or low levels of MHC class I and/or class II 
molecules. A minority of normal cell types express MHC class II 
molecules. It is therefore expected that many tvunor cells will 
not express MHC class II molecules naturally. These tiomors can be 
modified to express a costimulatory molecule and MHC class II 
molecules. Several types of tumors have been found to naturally 
express surface MHC class II molecules, such as melanomas (van Duinen 
et al.. Cancer Res. 48, 1019-1025, 1988), diffuse large cell 
lymphomas (O'Keane et al . , Cancer 66, 1147-1153, 1990), squamous cell 
carcinomas of the head and neck (Mattijssen et al . , Int. J Cancer 6, 
95-100, 1991) and colorectal carcinomas (Moller et al . , Int. J Cancer 
6, 155-162, 1991) . Tumor cells which naturally express class II 
molecules can be modified to express a costimulatory 
molecule, and, in addition, other class II molecules which can 
increase the spectrum of TAA peptides which can be presented by the 
tumor cell. Most non-malignant cell types express MHC class I 
molecules. However, malignant transformation is often accompanied by 



downregulation of expression of MHC class I molecules on the surface 
of tiimor cells. Csiba, A., et al . , Brit. J Cancer 50, 699-709 
(1984) . Importantly, loss of expression of MHC class I antigens by 
tumor cells is associated with a greater aggressiveness and/or 
metastatic potential of the tumor cells. Schrier, P. I., et al . 
Nature 305, 771-775 (1983); Holden, C. A., et al. J Am. Acad. Dermatol. 
9., 867-871 (1983); Baniyash, M. , et al. J Immunol. 129, 1318-1323 
(1982) . Types of t\imors in which MHC class I expression has been 
shown to be inhibited include melanomas, colorectal carcinomas and 
squamous cell carcinomas, van Duinen et al . , Cancer Res. 48, 
1019-1025, (1988); Moller et al . , Int. J Cancer 6, 155-162, (1991); 
Csiba, A., et al., Brit. J Cancer 50, 699-709 (1984); Holden, C. A., 
et al. J Am. Acad. Dermatol. 9., 867-871 (1983). A tumor cell which 
fails to express class I molecules or which expresses only low levels 
of MHC class I molecules can be modified by one or more of the 
techniques described herein to induce or increase expression of MHC class 
I molecules on the tvimor cell surface to enhance tiomor cell 
immunogenicity . 

DETDESC : 

DETD (49) 

The modified tvimor cells of the present invention can be used to 
increase tiomor immunogenicity, and therefore can be used 
therapeutically for inducing or enhancing T lymphocyte-mediated 
anti- tumor immunity in a subject with a tvimor or at risk of 
developing a tumor. A method for treating a subject with a tumor 
involves obtaining tumor cells from the subject, modifying the 
tumor cells ex vivo to express a T cell costimulatory 
molecule, for example by transfecting them with an appropriate 
nucleic acid, and administering a therapeutically effective dose of the 
modified tumor cells to the subject. Appropriate nucleic acids to be 
introduced into a tvimor cell include a nucleic acid encoding a T cell 
costimulatory molecule, for example a CD28 and/or CTLA4 ligand 
such as 87, alone or together with nucleic acids encoding MHC 
molecules (class I or class II) or li antisense sequences as 
described herein. Alternatively, after tumor cells are obtained from 
a subject, they can be modified ex vivo using an agent which induces or 
increases expression of a costimulatory molecule (and possibly 
also using agent (s) which induce or increase MHC molecules). 

US PAT NO: 5,843,723 [IMAGE AVAILABLE] L3 : 3 of 10 

DETDESC : 

DETD (72 ) 

Another example of an immunomodulatory cofactor is the B7/BB1 
costimulatory factor. Briefly, activation of the full functional 
activity of T cells requires two signals. One signal is provided by 
interaction of the antigen-specific T cell receptor with peptides which 
are bound to major histocompatibility complex (MHC) molecules, and 
the second signal, referred to as costimulation, is delivered to the T 
cell by antigen-presenting cells. Briefly, the second signal is required 
for interleukin-2 (IL-2) production by T cells and appears to involve 
interaction of the B7/BB1 molecule on antigen-presenting cells with 
CD28 and CTLA-4 receptors on T lymphocytes (Linsley et al., J. Exp. Med., 
173:721-730, 1991a, and J. Exp. Med., 174:561-570, 1991). Within one 
embodiment of the invention, B7/BB1 may be introduced into tumor 
cells in order to cause costimulation of CDS. sup. + T cells, such that 
the CD8.sup.+ T cells produce enough IL-2 to expand and become fully 
activated. These CDS. sup. + T cells can kill tumor cells that are not 
expressing B7 because costimulation is no longer required for further CTL 
function. Vectors that express both the costimulatory B7/BB1 factor 



and, for example, an immunogenic HBV core protein, may be made utilizing 
methods which are described herein. Cells transduced with these 
vectors will become more effective antigen-presenting cells. The HBV 
core-specific CTL response will be augmented from the fully activated 
CDS. sup. + T cell via the cos timulatory ligand B7/BB1. 



(FILE 'USPAT' ENTERED AT 17:50:39 ON 24 FEB 1999) 
E KIPPS, THOMAS ?/IN 
E CANTWELL, MARY ?/IN 
E SHARMA, SANJAI ?/IN 
LI 6 S E4,E5 

L2 61 S (ACCESSORY OR COSTIMULATORY ) (P) (MOLECULE?) (P) (TRANSDUC? 

OR 

L3 10 S L2(P) (TUMOR? OR TUMOUR? OR CANCER) 

=> s 12 and (cd40 (w) ligand or cd40L or gp39) 

165 CD40 
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DETDESC: 



DETD(84) 



aaent would release TRAF from its complexed form. As 
ii?r*n th" be Lte«.d and/or the dissociation constant. . . 
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DETD (29) 
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^nse a T cell to be stimulated, anergized or killed. 
. ^^or. of a T cell refers to induction of signal transduction 

Activation of a T cell production of cellular products 

pathways m the T ^^j^, f^^J^^^J^J^^gi/ Anergy refers to. . ■ antigen, 
(e.g., interleukin-2) by that T cell^ ^tivation include, but are not 
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ammo acid 260^in SEQ^ ID NO:-f^~ 




^^^irfera^i^ra^d i^oglobulin secretion (except. 
=> s (tumor7 or tumour7 or cancer) (P) (cd40 (w) ligand or cd40L or gp39, 

26041 TUMOR? 

2 42 9 TUMOUR? 
2 6098 CANCER 

165 CD40 
21239 LIGAND 
20 CD40L 

L6 3? !?SSoR? OR TUMOUR? OR CANCER) (P) (CD40 (W) LIGAND OR CD40L OR 

GPS 

9) 



. . or negatxve apoptot.c signal, ^-//^-^f ;,^S,^^i^:'°rowti 
st^mulx that prevent or inhibit ^P^Pj-^^^^^et^f,' gf^^ ^^^SSctL 
factors, extracellular matrxx CD40 ^ Jg-^^ -"^3 contrast, stimuli 

neutral amino acids, zmc, ^^^^^^^"^ Jf^^'f , „tors such as tumor necrosxs 
which promote apoptosisxncludegrowth factors s^ ^^^^^ (TGF.beta.), 

factor (TNF) Fas, ^^^^J^^J^^^ Jf^hdrawal loss of extracellular matrix 
rtt^^renrinrr^^e^rufa^ cricJ^m and glucocorticoids, for example. 
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Other 
US PAT NO: 



DETD(2) 



The present invention relates to ^^^f J/^SnrS ^u^tiS^g a host 
hetero-oligomeric mammalian PolVP-Pt^^^ l^presslo^ vecLr 
cell transformed or transfected with ^'^^^P^ ^^^^in and a 

encoding a fusion protein ^^^^P^^^^^^^^^^i^" "he • that act together 

heterologous mammalian P-^ein ? jef-^^^^^^^" Exemplary maxmalian 

rran;me^ranrrrot:ins include J/^/.^r^^^^rrFrrLh and Smith, 

factor/nerve growth factor receptor (™FR/NGFR^ fami y ^^.^^ ^^^ludes 
Nature 358:26, 1992; '^^^^^J-^.^^^f ;cD27-L) OX40 Ligand (OX40-L) , 
fnrxrF^^Strrt^rai^LtuSL^ofcerSn metiers of this family of proteins 



indicate . 
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BSUM(5) 

. . . or negative apoptotic ^ig-^^^-^r^^f/^.^Sl^'groSS 

stimuli that prevent or ^^^^JP^Pj^Ji^^etral' genJ ^rodSctL 
factors, extracellular matrix CD40 l-^^and, ^vir^^ ^P^^^^^^^ 

neutral ammo acids, zmc, es^roy factors such as tumor necrosis 

Other. 
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DETD (2) 

aS smith. Nature 358:26 1992; ^oodw.n at al^. "J ^^,'0 ilgand 
Tof.TuX^ -rftiSJr.aI-aS^I.^^^r^aitai„ .i;.ets o. tK.s .a.i^V 

of proteins indicate. 
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DETD (92) 



. -m , = hr-^>t-P<? the effect of recombinant human CD40 
This example illustrates the street gCID mice. SCID 

r"^r=tir„i?;;ei°Lrr;"e"renS5ir,"u:;a„"o,o ....... 

tor !l"n» (cintJoli . Two con=c-„trati.ons, of the CD40 

°j,::;--co„t.i„i„, -p«^-s»^„^^^i^,:r!io;"nd^."K,'«:j:otiv,iy, . The 



(Wilcoxan rank 
groups . 



